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T~ S : Provisional version of DENDRAL. Part IIIA

Complete Chemical Graphs; Embedding Rings in Trees.

2.0l : " This preliminary version is released at this time in ordgr to
facilitate the programming of DENDRAL for ringed structures, in particular
_thé embedding of rings in trees.

The.extqrnal nétation is subject to further revision., A more compact
one'can easily be devised that also provides for implicit data and merges
some of the lists.‘ For canonical ordering, it ﬁay be necessary to
expand such a compact formuia‘back to the explicity LISP lists of the
gencerator programs, for example the qﬂgevcount list, path modifier list,
and vertex modifier list could be unified

For the purposes of this report, we focus on the internal notation and

~ the combinatorial and automorphism problems that have to be faced by

the genecrator program. Formulas will be lists that can be read by a .
: \

LISP language prccessor. Note that commas are redundant. "." is, hovever,

in no case the dot of a LISP dotted pair, and this character should be
= 3 : g

translated at input—outpﬁt. _ . ' : Wi
- This change of emphasis modifies some of the hierarchical chojces,
but none of the fundamental ideas developed in DENDRAL I (acyclic

. - b .

molecules) and DENDRAL IT (general survey of regular cyclic trivalent

graphs).




3,200

INDEX

Section 3.1 is a glossary that should be consulted together with

Table 3.1 as an authoritative definition of DENDRAL valuation.
Section 3.2 elaborates the completion of ring definitions as mappings
" on the nodes and edges of one of the VG's listed in Dendral II.
Section 3.3 spécifies how rings are embedded in treces to complete the
notation outlined in Dendral I.
Section 3.4 deals with some problems of chirality
Sections 3.5, ff, will be completed at a later date., —--—-
They will cover such topics as
abbreviated notations for human interaction
‘Petrmanent labels and special mappings for frequently
) encountered rings
Special treatment of aromaticity
Efficient algorithism for dealing with symmetries
Optional hierarchies of DENDRAL classification
- Heuristic questions of plausible structures

Rings with tetravalent (spiro) vertices

CANONICAL FORMS

In general, the canonical cholce among automorphisms is the

lowest valued vector description of the structure, evaluated cell by
cell, It is important to follow the standard hierarchy of choice,

~as given in Table 3.1. For example, the pendant radicals are listed

first, in ascending DENDRAL order, before the lowest locant vector is
selected. .

This convention is consistent with DENDRAL I and facilitates
interfacing the computer programs for linecar and cyclic DENDRAL,
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3,00 GLOSSARY.

© RING. A molecule which is a pure eyclic structure, with no

. : o appended twigs.

RINGED COMPOUND. A tréc, posgibiiy,dcgenerate, in'which a ring
is embedded. | |
R-TREE. A représentatiop in which any fing is répresenéed as a
sﬁpefatom.
SﬁPERATOM. A node ;eprgsenting_a préviously defincd complex of
- atoms, treated as an if;; by the gencrator ' : - R
VERTEX CROﬁP,‘VG, CUBICAL GRAPH. An abstract, cubical (trivalent)
gfaph, summarized in DEﬁDRAL 2, on whose nodes and edges are
mapped‘thg vertei atoms and connécting linear paths of the
-« . ring.
COMPOSITION. List of étomS’comprising a molecule, e.g. (C3N102U1)
~ or (C3H7NO2). |
Jk—COM?OSITION. A composition in_@hich ring‘atomS'afe remo;cd and o -

allocated to ring identifiers. In effect, the composition

... of an R-tree.
LOCANT, An ordinal number specifying an atom or a bond in a .
) - molecule for the purpose of attaching a ra

a hetgroatom :

CHIRALITY. Sp;ﬁctural information not given by ic topological

dical. or substituting

connectivity. This usually concerns the orientation in space
pf-tetrahedrai carbon atoms with asymmetrically attached

“radicals.

GENERATOR. A program to generate a complete b?}{rredundant list
of isomers of a given composition.

ORTHOMESH. A particular ring system presented as if all heteroatoms

are replaced by C atons. It is specified by a VG plus an FCL

i . in canonical order.

~




Ve " GLOSSARY (continued)
) ' © EDGE COURT LIST, ECL A mapping of path lengths;on to the edges

-of a VG.
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RING DEFINITION

.form

A ring will customarily be defined (as a superatom) at the head
of a formula. That is to say, the generator will allocate progressively
larger numbers of atoms to one or more rings, then build all possible
R~trees compatible with that R-composition. This canonical sequence
can, of coursc, be rcarranged for heuristic'purposes.

Each predefined ring will be given an arbitrary temporary label,
x2, etc. Some rings may be permanently defined, since they occur so

~frequently. The most prevalent ex ample is the aromatic, benzene ring

which is deflnbo under the name YDas

O /4*10 | o | | | @\/‘ ‘(:‘:")"

ZN®

26% = ((o) ()"() ) ‘ } Nkl alo u }’\Ckpht!"‘!";le"\’\)
ZNT = ((20) (o%, &%, 4%)() ()

As 1llustrated by this example, a ring definition will have the

o.)— QAN KN (*\ A
/.,-—----—.....-w"\..-" o~ B o ) v .
VG \ . EcL v H P

xn = {{vertex group) (cdge count llSt)(VeltC) modifiers) (paLh ‘modifiers))

where ¥n is the temporary label, or Zm for a permanent one.

-

ORTHOMESH

The Orthomesh consists of the VERTEX GROUP, VG, and the EDGFE COUNT
LIST, ECL. Together these elements define a planar mesh whose shape has
beconc conventjonalized by chemical usage - it corresponds to a carbocyclic
ring system on which changes from C to other atoms can be mapped by except:on.
Examples which anticipate later notation follow:

i
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5.

In 3,271, the VG is (0), i.c., the (Ln"]c ring, sans vertices,

on which is mapped a single path,

=

N

Chemical evidence shows that in such a case, cach band is equivalent
and has a character intermediate between "." and ":". We indicate
this by the notation % which might be denoted in a radical as
*CXC*C*CHCHC* or implicitly as 6%

More complex rings have 2(r- l) vertices, where r is the number of
included ring units (inscribed faces) as conventionally counted by
chemists. Dendral II elaborates all possible vertex groups. The
majority of organic ringed molecules fall in the category VG=(0), and
r £ 4, v £ 6 covers as large a scope as the unpecialized generator
is likely to be able to handle. These are 1cproduccd here for
convenicnce as Figure 3.21 and 3,22,

_ The v vertices jmplied by the VG must now be specified,
the 3v/2 edges whose lengths are given by the ECL.
\ 1 ‘

W aromatic character of the ring,
i.e., a path with alternating
single and double bonds;
c:C,C:C C:C.

\ The inscribed O stands for the

v m———
te !
14
F
—’—-—-

by
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.<~r.
-

and then

VERTEX MODIFIERS, VM.

The EDGE COUNT LIST, ECL, has a higher priority than the vertex
modifiers, VM, list an implied list of the vertex atoms which ‘
specifies (a) their” composition and (b) their chirality. Since the
most usual situation is all carbons
we Jocate exceptions to that standard.

The VM list and its value is the 3-ple (vector)

1) the non-carbon atoms in DENDRAL order,
composition, e.g., N2, or NIL,
2) A vertex locant list for these atoms.
3) An explicit 1list of the chirality of successive vertex
atoms - (".", "+" nar "A") referring to "unspecified",
"dextro!', 'ava!, "racemic"; see section 3.4 for details,
At any place, thc omission of a llst or the value NIL, implies
"unspecificd".

expressed as a
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‘of the path must be considercd.

to cliecit canonical forms will be provided or
For the moment the simplest
s exhaustively, and save only

Tables of symmetrics
can be deduced from the VG (see Figure 3.1).
algorithm will be to try all the aut0101ph1
the canonical representations.

- PATH_LIST.

[The'ring definition ié now completed by mapping linear paths
onto the cdges of £he VG. In taking account of the symmetrics, tﬁe sense
Several representations are possible;
in cdge-

in.previous specifications, we displayed a vector of all paths

number sequence: thus (.) (.C.C.N.) (.C.C.C.C.) for

Each edge of a path list was mapped with a linear, two-ended radical, A

>

123 4567

et

<

i
presented in previously defined notation] ‘

Thg_ring atoﬁs are all enum'érablc; first the vertices, V1, V2,
etc., then the path atoms in the order of their presentation in the o
formula. |

.

We now find it more convenient and conformable to chemical
]

notation to map rings by exception. The path list will then consist
of 3 parts:

ECL .(already in orthomesh)

1) A vector that assigns a count to each edge in sc qucnce. Each

node is implicitly numbered by its sequence in the formula

PATH MODIFILERS PM

2) A composition indicating atoms replacing the implied C's.




This includes double bonds as U's. (abbreviations are available

for aromaticity)

;;;)F!%[ 3) A locant vector for these replacing atoms and bonds
Example 3.2&1 then becomes: : A
) vl
) . /\ . L ‘ ‘(, [ P Io(‘ anl vt C—{‘O'I-—
Pt ~\,/\NJ ’ | (@) €(0,3,5)-X. (1))

3,248 %

rd
D e

PAY

25y P ECL (0,4,4) 7\ L /3

o. : R ;
drthomesh s “AA (o‘ﬁ,q>’

s ' .
f/. ] | (A ((0,3,6)-NS (2,4)))

| oz ot veelrne
‘: (A f\,,&__,—..-\

(@A) ({0,4,4)-NU (2,(V1,5))))

sz 1]

Caution: in internal notation all bonds are
numbered as nodej{airs. When the pair is (n,n+l)
only the lower node need be numbered in external,

notation.

Note: in man-machine-interaction displays, parentheses can be replaced

by form atted labels and indentations to facilitate editing and comnands.

We can visualize a display

| _ !
5
- VG A s p
WA ST

' w - l {
Al 10

PLM NU "

N

. Ql,f)) o (59)




8.
Vertex numbers can be replaced by arbitrary integers, e.g. numbered

after all the path atoms. In this example, V149, V2¢10,

By giving the ecdge count list "a higher p}‘iority than the Vil
Ve facilitaﬁe' the storing of .cdmmon or thomeshes un_dér a familiar
ring 1abel.' This can then be edited there for specific compvounds.
Thus, 3.2:/;53C811 be input as \

ov{havashs

. | s )
alred,
/\/\ . = \I/cl,r-Lz:—'c.s~ 1 /\ / N2
- ] Q v .

\ \ \ | ~  (DECALIN WU (1, (V1,5))) \
TRECALIN L - ' _ 7 \/\.4/
| S | | . .

The chemists name for .this 4g

A(1l), 8-aza--decalin, : . . : ‘ M :
M ?NQ.& (—4” € M '

!
since he follows a somewhat different numbering system, Qt should not
| be difficult to construct algorithms for interconverting many DENDRAL \L
names with conventional chemical notation, )\\ g '

\\ ._)’”\//‘\L

A

V-aza- deeabi ‘7(7%’6:
' (s

WJ\A(S (Dy"w N (‘\>

S ' - £ 4
A _



DENDRAL IIX

Example of a complete definition with canonical numbering:

5,:L¢/C) Embedding the ring in a‘trce.

*

The ring as now defined may be regarded as a superatom.

will, in general,

have {its

V& ECL VI PiM

UHER the aromatic'ring is detected,
to
(('uLA) (0,0,%, 2, L 1- ) (1) (.\.10) )

own syminetries. Differcent locations have to

be indicated for attaching further radicals. For example, the three

amino-phenols are all special cases of

N

N'H»

‘ -l-«oH

1

Z .yt o1l

Ve will, then first list all of the attached radicals in DENDRAL

order without reference to position of attachment. Then we will write

a vector of locants describing the successive positions of attachment.

For example,

However, it

this

:.((’%AA) (0)0>O)2)"‘)1‘;> (N)]') (53 (:LQJ'VB) 5)7)) ),

reQuees

N\ A~Ei»»|pd Cj
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There are, of course, rany automorphisms for the locant vector. In this

' fexamplc'the locant vector is  (1,4,3):

Canonical Automorphisms
.2(1,4,3)..0C.N ‘ C.z(2,3,4)..c8 0
oo - .
- R — : Z(%,1,2)..0C.N

.2(3,6,5)..0C.N

etc.

The canonical form
1) lists the radicals in DENDRAL order, the afferent link being implied es
first, end L»pvoqu;XIildfl{ s fIAv“\lﬂzxcxﬁgld

2) enong the automorphic permutations of the locants, selects the least vector.
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tesolving the ambiguities of the locant vectors is again a
messy prospect and the simpliest general solution is to test all
the symmetyy operations sceriatim and compare the locant vectors.
More efficient rules will soon emerge for the frequent cases.
However, as onc suggestion, the pendant radicals mnight be replaced,
during computation, by ordinal numbers in order to simplify compari-
sons. )

When a - CH, -~ appears in a ring, two substitutions are possible
at the sanme path“atom. For the moment they are not distinguished,
Chirality at vertices and path nodes is discussed later, 3.4.



CHIRALITY

For many purposes we emphasize the topological and can overlook the
3-dimensional spatial aspects of molecular structure. In real molecules,
thenlenéths-and‘rotations of bonds are understood to a wildely varying
precision, and may be greatly influcnced by the history, encrgy-state, and
immediate context of the molecule. In this sense, the topological
connectivity is only a formal répresentation of 5 genus of states which
can sometimes be inferred from it.

Howéver, one aspcctlof stereo-chcmiséry generates distinctions among
chemically stabie species of very great importance, especially for
biologically interesting compounds. This is chiréligx, which rests upon

the alternating symmetry groups of the valence bonds of the C atom,

The symmetries of the valeunces of carbon. The topological tetrahedron

has the symmetry S4, that is all 4= 24 permutations of its vertices
(table 3.41). The carbon atom behaves, howeﬁer, as a steric tetrahedron,
so that two enantiomorphic, mirror images, must be distinguished for
(C...abcd). These corresponding to odd and even alternating groups (table

3.410).

Ve can now regard the chirality of asymmetric carbons as a special case
/

of the locant lists vhich specify substitutions on superatoms. The D-

and L~ isomers of, say, glyceraldehyde would be described (vith implicit

H's given leading locants, rrntra ring locants)

- Y

}

|
e, CHo ; CHOH

e T \~‘\ .'
. \_\ : o
: C:(llh‘g q> e \\\\ H -F\(DH 2 : H Ayt

\ KoM CHA.ON crpo  Cligoh CHO
b~ glyceraldelole L=




In view of the bisection of SA into the two Aa's, even and odd respectively,
each locant list has 12 automorphisms (table 3.401). We can abbreviate
€(1,2,3,4) as C(0) or "even", and C(1,2,4,3) as C(1) or "odd" respectively.
We do not use the terms D-,L- or R-, S~, as these are based on a different
set of rules for ordering the'radicals (cf. Eliel, 1962; Prelog, 1966).
However, the absolute configuration is fully defined in the present system,
\ | which lists the radicals in DENDRAL-hierarchical ordef. It i5 easy to
program a translation Between these systems, but DENDRAL 1s prefervred for
radical-generation. ‘The rules, wﬁich are specially adapted for

) asymmetric carbon, are:

\

3. 1] 1) Radicals in DENDRAL sequence; however,
. '
3,L{}:l/ 2) The afferent Jink, if any, takes position 4
i c : : _
'?S.L{lB’ 3) Implied hydrogens are assigned implicit, leading locangs
3. ‘{/L{ 4) D-glyceraldehyde is taken as the prototype of the even group.
I-" _ 2.
L
1IN 5
y N /{\
‘,'J \ \ l"‘““‘".""*; 2 2,
, /"Jt‘ \\ \ : s 4
{ e -~ \\..\ 3
3 . ’/‘\\
AN \
SN
/1, - O - \‘- N
3 L e ‘];
TETLAYL oA
evern/ Y | a0 D



W

-~
A

3, 1

It is elementary that C(0):C(1l) only when the C is asymmetric,
i.e., the four substituents are all different. The generator program

needs know only this. However, translation to D/L and R/S notation,

»

and conservation of chirality may be important in analytical manipula-

tions and in prograwming stereospecific reactions.

PATH ATOM ATTACHMENTS

Each H-atom of the path atoms of the pure riﬁé is a candidate
for replacement by a radical. If the path atom 1s a satﬁrated-C (-cH ~),
the two H's are not necessarily equivalcnt in chi1a11ty i e., when the
image of the rest %é the ring differs, as seen from the C atom, via the
afferent and cffev#n; bondg. The image is obtained by cutting the bond
the attachment to the C is replaced by an H' the other cut edwe then leads

.
to a radical which can be evaluated by DENDRAL rules. Thus in

".,0/92\

~e
. ' K
IRHEXEE at  (3), the image is (C.0.C.C.C.) afferently and C.C.C.0.C,
efferently, Hence, any difference in the further substituents at (3)
vill make fhat atom asymnetric.
Customary notation faiis to unify the several aspects of chirality:

asymmctric C atoms in acyclic molecules, rlng vertices and ring path

atoms, DENDRAL fulnishogiz systematic cvaluat;on of radicals and (2)

a convention for absolute configurattions by the allocation of the set

|
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of radicals to the even or odd group, respectively.

At a trivalent ring vertex; the weights at the C are ordered by the
canonical numbering of the VG edges defined by the orthomesh and further
gsubstrtuents (Paragraph 3.22-3.24) in the ring.

The chirallty of the vertices of a ring is designated by a chirality
status vector displayed in the VM list. This will be a string of 0 and 1
bits. Other characters may be used to designate "unspecified” and racemic
conditions (statistical mi#turcs). fC(O)." can be economically replaced |
by “C+", "C(l);" by te-",

For a path atom, a the affcxent and efferent paths in the ring count

$
as heaviest bond; Further substituents are then weighed as in Paragraph

3.41, lifﬁ<bslb%ﬁ

CIS-TRAUNS ISOHERISH

| DENDRAL notation overrides Lhe distinctions of CIS- and Lrane—'
configurations of adjacent vertices in rings, which appears in custoﬁary
notation. In molecules of sufficient symmctr;::Zecqlin we will find an

ambiguity: CIS will correspond to the chirality status vector (10) as well

as (01); trans to (11) or (00), as we shall see:

« (Y

[ S |
\ ij ; UI\Q O/(Q'ci 28 Ll Mare TS %n Y
: pl

NG LA/
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N
~
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chirality at Vi: V1(1,2,3,4) .... 1 E1 E2 E3 in canonical order. Thewe..
V2 will be V2 (1,2,4,3) .... B El E2 E3. We thus have V1(0), V2(1) or
the status vector (01).

‘The symmetry, however, also permits the molecule to be inverted,

i.e., g

which gives the vector (10). The former is
however canonical. DBy a'corresponding argument, trans—decalin is

(00) or (11), the former canonical.

v/

Note that the automorphisms of vertex chirality are recsolved, and the
path numbering fixed, before locants are established for path modifiers

and appended radicals.

. CIS/TRANS Isomerism at double bonds.

" (Revision of L . 72)

The same approach of producing an absolute valence éssignments
can be used to describe geometrical isomerism at C = C.

The double bg%d is taken to occupy two andjacent positions of the
first C atom encountered, postulated as m;gggjchirality status C(0).
The second is then matched to the first. It will be C(0) or C(1l) in

an absolute, canonical description, and only one of these if the

conditions for gecometric isomerism are met. e.g.
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AXIAL AND FEQUATORIAL

Hexagonal rings often adopt a chain-like configuration in which
ore of the H's at a path ;CHZ— may‘be found to lie either close to the
plane of the ring (equﬁtorial), the other above or below it (axial).

. These lzbels are part of! a steric rather than topological description,

but can sometimes be referred from the absolute configuration.

[

/L Revision of edge-numbering canons for twin edges.
DY 6 ] ML At lbanttd > 5CS

(Revision of 2.34)
According to 2.34, the edges of a vertex group are numbered by
circuiting the polygon (Hamilton circuit), than the chords as first

encountered. llence the numbering and polarity of these examples.
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LAGS -~ avd T, Ny

Edges £2 and-3, and §} are twin edges, i.e., correspond to a span of 1.

The elaboration of symmetries is simplified if twin edges are not

trcated as chords, but are brought together in the sequence.

Noad Laans

2N
! Z})?}
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edge order mgy influence the edge count list, canonical

orthomesh, and node-numbering in certsin situations. For'
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Table 3.1
CANONS OF DENDRAL ORDER (modificed from DEhDRAL (1

Hierarchy of Vector Valuation in Decrecasing Ordexr of Slgnnfncance

The DENDRAL-VALUE of a radical is a vector comprising:

R-COUNT
Rings
Other atoms (except H)

COMPOSITION OF RADICAL

Rings ' ,
Composition . CHOPSU*
Orthomesh
Vertex Group VG
Edge Count List ECL
. Vertex Modifiers Vit § chirality status

Path modifiers PM
Othér atoms by atomic number

C, N V0,08

U (unsatulatlon is countcd as a lowest-valucd atom)

}

'APICAL NODE

Degrec: Number of efferent radicals

~ Composition of node:ring (by valuc), - C)\\/ oPrS
. 3 o>

~Afferent link: (&, :, J) :

APPENDANT {ADICALS ~ attached to apical node

vector of radicals in order of ascending* value
. ’ . !

Jocant list (ring) or chirality (atom) on apical node

%

*

42-

The sequence might be reversed

to conforn to cheamists' notation which tends to assign higher-valued
-substituents to lower-numbered atons, and orders atons by valence
as well as atomic number.
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TABLE 3.410

The alternating groups AA (even) and (odd)

even c(0) - odd c(1) .
permutation cycles permutation cycles
1234 (1) (2) (3) (&) 1243 (1) (2) (34)
1342 (1) (234) 1324 (1) (23) (&)
1423 : (1) (243) 1432 (D (24)(3)
2143 - (12) (38) 2134 (12) (3) (4)
3214 C(123) (M) 2341 (1234)
2431 - (124) (3) 2413 ; . (1243)
3124 (132) (&) 3142 - (1342)
3412 (13) (24) 3421 (1324)
3241 " (134) (2) 3214 (13) (2) (4)
4132 - (142) (3) 4123 (1432)
4213 . (143)(2) 4231 (14) (2)(3)
4321 (14 (23) 4312 (1423)
.

Together, thesc constitute the symmetric group, SA'

Example: 1234 = 2143




Ring~symmetrics>in DINDRAL.

The input problem is to "produce all isomers of C1DH14 contajining at least
one benzene ring.'" The verbose output displays the pregram's listing of
the permutation group and other characteristics of the ring, before listing
the isomers. Chirality is disrcgarded for this example (e.g. at 712).

v CISOMERS COUOTE C10H14)) . S

Y (MARCH-8-1968 VERSION) |
C4%PHEN=:H1 4 : : '
(RING *PHEN% COMPOSITION CCU + 40) €C « 64)) VALENCE Cle 1o 1+ 1o 1o
1) SYMMETRIES ((2e¢ 3¢ 4e 5S¢ 60 10) (3c 4o 50 6o 1o 26) (4o 56 6o 1o 2
e 3¢) (5¢ 6o lo 2o 3o 4s) Cbo 1o 20 3o 4o S5¢) €bs Se 4o 3o 2. 1) (5.
Z}. 3c 20 10.60) (/Jb 30 20 le 60 50) (30 20 ‘0 60 59 40) (2. 10 6' 50 4
e 3¢) (1o 6+ 50 4¢ 3. 26 UNIQUE-NODES (1.))
MOLECULE NO DOUBLE BOND EQUIVS

1. CHZ2eo C2HS  CH2e (PHEN% 1e)HS e
2. CH2.+ C2H5  (#PHEN#% 1o 2.)H40CH3
3.  CHZ2.. C2H5  (#PHEN% 1. 3.)H4.CH3 »
4. CHZ2eo C2HS  C(xPHEN% 1. 4.)HZ%.CH3 » r
5. (%PHEN% 1. 2.3H4c. C2ZHS5  C2HS , :
6o C#PHEN# 1e 3¢)H4e. C2HS  C2HS » —
Te CPHEN% 1+ 4¢)H4ee C2HS  C2HS5 »
8. CHeew CH3  CH3  CH2. (%PHEN% 1.0H5 » ¢
l 94 CHeee CH3 CH3  (=PHEN% 1. 2.)H4.CH3 » &~
10. CHeeo CH3  CH3  (#PHEN= 1. 3.)HACH3 » -
11. CHeeso CH3  CH3  C(HPHEN® 1o 40)HA.CH3 5 <
4\’ 120 CHO e e CH3 (*PHEN* 10 )HS CZHS > )
L 13, (#PHEN#% 1. 2. 3.)H3.s. CH3 CH3 C2HS5 , »
o 14. (*PHEN® 1+ 2¢ 4¢)H3cee CH3 CH3 C2HS » +~
, 15. CHPHEN% 1+ 3. 2.)HB3ee. CH3 CH3 C2HS5 », o
ﬁ 16. (#PHEN% 1. 3e 4¢)H3ees CH3 CH3  C2HS5 ,
g 17. C#PHEN% 1. 3. Se)H3ee. CH3 CH3 C2H5 ,
% 18 C%PHEN# 1o 4o 24)H3ees CH3 CH3  C2HS » .o
19. Ceeee CH3  CH3 - CH3  (%PHEN% 1.)HS ,
20. C#PHEN% 1e 2. 3¢ 4.)HZ2eee. CH3 CH3 CH3 CH3 , «—
a 21. (=PHEN% 1. 2. 3¢ 5¢)H2¢ess CH3 CH3 CH3 CH3 » -~
\_ 20, (#PHEN% fe 2. 40 S.)H2ee4s CH3 CH3 CH3  GCH3 » _
DONE



. CHOLXESTEROL L o 1e Oortnon - S

VM: No heteroatom substitutions; the chirality vector is given by:

vi....H 182 (1)  wh.=h 56 (3)
v2....H1 2 3 (0) v5....H5 6 7 (0) (100300)
v3....H 349 (0) v6....H7 8 9 (0)

(3) at v4 refers to the abrogation of chirality at a double-bonded vertex.

PLM: No heteroatoms, but a double bond at (v4,5).

The complete ring is then (x1 = nor- A?-androstene)

(x1 ( 6ACA (0,3,0,2,0,4,0,2,0)) (100300) W ( (v4,5)) )

—————— orthomesh-———=——-mm==  ==VM-=~= ==—eo-PLM-——m=mm
VG ECL

(:5{3 ‘
- .C3H6.CH..CH3 CH3  CH..CH3 x1(1,vl,v5,7)...CH3 CH3 OH
KBC "/C c -3 4 5 ¢ 7 ®© 9 jo 1 I2
- C “ //C /
/ ¢’ N/
oK Z\ ¢’ Ne
‘ aquC7
We have still to consider the chirality at x1(1) and x1(7)/’These prove to be
24K
A . éS 4{%(9 affyyre & giving the completed formula:
,,p, . /\
() v l\-—a—i——-—cH .C3H6.CH,.CH3 CH3
°‘;6 /\NQ [) (X\) CH+'CH3 Xl(l+,Vl,V5,7—)...CH3 CH3 OH
x i (") N <7> cl
PR = - even =+ gyen ~ +

. H((vl»((i)\ay .\’pQ }.\<o}(< ()»4(?)
H<Cs\,<(m)e<_<,p ool




TR o
/ v g \/E\ : \ .
| /\/ | vit eV S
— \/ ]
%2{,1’ - \ ! | v> ¥
4 vb
N oA\ 0
. \/ v L}v‘{
\ df o )o»é
\
: \
v N A
vl , /{,l vs
vG
/\ ;\'I v «N:**
N ‘ I'4 e /:ﬂ
#*
\’h Jd '\43 )Y‘? (/J:»:i fres -C"‘—‘;{}
RPN NS AL
/\\x N v \\J‘ i N \;_ )})/L(’(J‘Q
A Y. o “ '(,) .
\ \\n / ' o A
~
i }} \-{\'/ v?
o Wy
wee, N - \
2 CW2y e et = b e et e

reL= oY 0 ot O% R [‘O’ko
-.‘V‘“‘\ = |3HRR3
PH = wﬁug(“gwﬂ», ‘

| | ~C L

e L c

/\ i 'J /
L ovi L L SR
\ ’ ' C \( ~ C

AR )

| Neds

[

ﬂ/ O Ctjz(gg e )(\_I\ </\> A3



~

Corrextions (sce 3.246

3.221 The vector for LCL of ‘becomes
(0,4,1,0,4,1)

(5,0,0,4,3)

———— o o

3.240 renunber to 3.3

new ECL

.. (O' 4,0, OxL{.Q\>

vh L (N,4)
PLH: (5uU3 (;o'Vl,\‘BD

oY,qj,om,&Axﬁw\&hC.‘

((L{Ah) ( \‘\}p H*}O'o'k{\?.) (N‘ L{} ( f)| ( ,0\\ )

new numbering

F}% S Yan ot b

G a ud corresponding change in
‘_,_3,5.-»4 - - 1
' permutation table.
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